Abstract There is rising interest in identifying precursors to bipolar disorder symptoms, including thought disorder. Thought disorder is identified in adults through self-report and in school-aged children through parent report and child story-telling. This study is an exploration to determine if preschoolers with mood dysregulation have evidence of disordered thoughts using a story-stem completion method. Participants included two groups of 3.5-6 year-old children: 20 with mood dysregulation including manic symptoms and 11 typically developing comparison children. Children were administered story completion narratives including one story where the child character accidentally cuts him/herself while pretending to cook. The children were asked to complete the stories and their responses were analyzed for atypical themes consistent with disordered thoughts such as violence or bizarreness outside of the story or props coming to life. Thirty-five percentage of symptomatic preschoolers versus 0% of typically developing preschoolers ascribed independent actions to inanimate props (p = 0.03). Eighty percentage of symptomatic preschoolers versus 9% of typically developing preschoolers utilized props in a violent or bizarre manner outside the central story (p \ 0.001). Preschool children with symptoms of dysregulated mood express themes related to the unusual use of story props which may indicate disordered thoughts. This preschool expression of dysregulated mood appears similar to and possibly continuous with school-age and adult versions of bipolar disorder.
Introduction
There is increasing recognition that many psychiatric disorders can present at very young ages. For example, there is mounting evidence that symptoms of attention-deficit/hyperactivity disorder (ADHD) such as hyperactivity, impulsivity and inattention can be identified in children as young as 3 years of age [1] [2] [3] . Similarly, symptoms of depression like observed shame and guilt can be accurately assessed in 3-4 year-olds [4] [5] [6] [7] . A more controversial example relates to bipolar disorder. There are reports suggesting an ability to recognize mania in preschool children [6, [8] [9] [10] . For these children, symptoms are present and cause dysfunction. Some of these symptoms include irritability, aggression, elation, grandiosity, hyper-talkativeness, flight of ideas, and hypersexuality [10] . However, while symptomatically similar, these symptoms are not the same as those seen in older individuals, differing in both duration and quality. This raises questions about the continuity of preschool illness with versions seen in older children and adults. Thus, it remains unclear whether these symptoms represent an early form of bipolar illness. Reviews of the controversy about preschool bipolar disorder are available that address both duration and intensity [10] [11] [12] . The literature available addressing this controversy has not addressed the lower age limit at which other symptoms suggestive of disordered mood, like disordered thoughts may be present.
A number of approaches to address continuity between childhood and later onset illnesses are possible [13] . For example, one method to explore continuity between child and adult disorders has been to examine similarity of symptom presentation. To assess thought disorder in adults, patients are interviewed for self-report of symptoms. Thought disorder in adults can consist of loose associations and bizarre or illogical thinking [14] most commonly defined by the language used to describe thoughts. Patient interviews often include a standardized rating scale that assesses thought disorder like the young mania rating scale (YMRS) [15] where the interviewer asks the patient directly about symptoms.
Just as adults are asked about their symptoms, interviews with school-aged children (C7 years old) are often necessary. School-aged children can have symptoms similar to adults with bipolar illness including mania [16, 17] and thought disorder [17] [18] [19] . In school-age bipolar disorder, formal thought disorder includes ''impaired comprehensibility, loosening of associations, pressure of speech and illogical thinking'' [17] . As in adults, the YMRS has been effective in helping to define bipolar disorder in children 7 years old and older [19] .
However, as studies involve younger subjects, alternative interactions are often required. One technique is to utilize story-telling as a mechanism to observe thought disorder [18, 20] . For 7-13 year-old children, the kiddie formal thought disorder rating scale (K-FTDS) [18] uses a story completion technique where the child listens to and then retells a story before creating a story of his/her own. Story-telling works better for this age than a standard psychiatric interview because it allows for a sufficient speech sample to be produced and then analyzed compared to the two-or three word phrases often obtained from standard interviewing technique [18] . The K-FTDS is effective in identifying thought disorder in children with psychotic disorders 7-years and older [18] . However, the K-FTDS is inappropriate to study thought disorder in preschool children because the younger the child below the age of seven, the less effective the instrument.
While the K-FTDS is not suitable for preschoolers, the fundamental methodological approach of analyzing child response during story-stem completion can be extended to younger ages. Children as young as 3 years-old are capable of completing stories once given some practice, thereby allowing exploration of their thinking [21] . It seems to follow that if story-telling can reveal thought disorder in school-aged children, and preschool children who may be predisposed to disordered thoughts are capable of completing stories, that story completion may provide a method to detect disordered thoughts in preschool children.
One such story completion method is a well-studied, semi-structured interview of children as young as three: the MacArthur Story Stem Battery (MSSB) [21] . However, this method has not been used to study disordered thinking. Recently, the MSSB has been used with parent interview as a self-report measure to study mania and depression in preschool children [4, 7, 8] . Using standardized scoring paradigms for children with diverse psychiatric concerns, preschoolers with mania differ from typically developing children in terms of revealing more themes of dysregulated or unprovoked aggression [8] . The MSSB themes found in these clinical groups correlate with parental report of symptoms [4, 7, 8] . The MSSB has been found to correlate highly with parent and teacher reported symptoms and behaviors in other studies [22] [23] [24] . The MSSB provides a valuable addition to parent report in the psychiatric study of preschool children.
While story completion methods are commonly used to explore cognition in preschool children, narratives have not been utilized to study disordered thoughts in preschool children. The lower age limit at which children can have symptoms like disordered thoughts is unknown. This report represents a preliminary effort to report early attempts with story-stem completion to assess disordered thought in preschool children with symptoms of dysregulated mood.
Materials and Methods

Participants
This study used a group of previously described preschoolers with mood dysregulation [8] . Twenty children (7 female) were included in a clinically referred group and a group of eleven (6 female) typically developing children were included as a comparison sample. The groups did not differ significantly in terms of age (mean age 4.35 years typically developing vs. 4.79 years clinically referred, t(31) = 1.47, p = 0.15) or gender (Fisher's exact test, p = 0.25). Parents of children in the referred group had fewer years of education compared to parents of typically developing children (25% graduated high school only vs. 5, and 21% attended graduate school vs. 53%; Fisher's exact test, p \ 0.001).
Diagnostic and IQ Measures
Subjects were referred by community psychiatrists, psychologists and pediatricians with symptoms suggestive of mania or mood dysregulation. Subjects were evaluated through parent report using the preschool age psychiatric assessment (PAPA) [25] and the Washington University kiddie schedule for schizophrenia and affective disorders (WASH-U-KSADS) [26] . Both the PAPA and the WASH-U-KSADS provide, for each manic symptom, a score (0, 2, or 3 for the PAPA, meaning 0 for not present and 2 or 3 for present; and 1-7, on severity, for the WASH-U-KSADS) and scores can be added across symptoms to provide an overall severity score. Both the PAPA and WASH-U-KSADS have previously been assessed for reliability: For the PAPA for children as young as age 2 years, test-retest correlations to the DSM-IV syndrome scale scores range from 0.56 to 0.89 [27] ; for the WASH_U_KSADS, interrater reliability as measured by j, is estimated to be between 0.74 and 1.00 [26] . Scores were assigned for the following symptoms occurring with elated or irritable mood: expansive mood, irritability within the same day as expansive mood, depressed mood within the same day as expansive mood, the presence of 2 months of remission of mood symptoms in the previous year, more talkative than usual, pressure of speech, flight of ideas, motor pressure, agitation, distractibility, decreased need for sleep, grandiosity, poor judgment, delusions, hallucinations, thought process abnormality, idiosyncratic behavior.
From the PAPA and WASH-U-KSADS, twenty children (7 female), were given a best estimate diagnosis of mania. A history of attention deficit-hyperactivity disorder (ADHD) was identified in 6 (30%) of the clinically referred children, a rate below that seen in older children [11, [28] [29] [30] . A history of physical/sexual abuse was an exclusionary criterion and none of the subjects, clinically referred or typically developing, met criteria for PTSD. A group of eleven (6 female) typically developing children were also included as a comparison sample.
The vocabulary and block design subtests of the Wechsler Preschool and Primary Scale of Intelligence-III (WPPSI-III) were used as a proxy for IQ to ensure that both groups had average intelligence [31] . Vocabulary and block design subtests correlate at 0.84 and 0.85, respectively, with full-scale IQ [32] . Mean standard scores in both groups were within the normal range; however, the referred group scored significantly lower than in the typically developing comparison group on both vocabulary standard scores (referred mean = 11.6, SD = 2.1; typically developing mean = 14.5, SD = 2.8, t(1, 27) = 3.18, p \ 0.01) and block design standard scores (referred mean = 11.6, SD = 2.5; typically developing mean = 13.8, SD = 2.4; t(1, 28) = 2.37, p \ 0.05).
Story Completion Measures
Children were administered stories from the MacArthur Story Stem Battery [33] and one story, the Band-Aid Ò story, adapted from the Family Story Task (FAST) [34] . The narratives begin with the experimenter presenting a ''story-stem'' that leads to a conflict the child is invited to resolve through role-playing. This report focuses only on the Band-Aid Ò story (refer to [8] for results of other stories). The Band-Aid Ò story consists of a child who is pretending to cook and knows he/she is not supposed to play with knives, but does so anyway. Then the child cuts his/her finger and starts to bleed. This story includes props of a small pot and a tiny, non-sharp pretend knife. The child is asked to show and tell what happens next in the story. The stories were video-taped through a one-way mirror to allow for non-distracting recording that was used to code themes present in the stories.
The narratives were scored from the recordings using standard scoring parameters by trained coders, blind to subject group membership and study hypothesis [8] . Typically developing preschoolers tend to respond to the Band-Aid Ò story by saying that the parents gave the child a Band-Aid Ò , kissed the finger to make it feel better and then scolded the child to make sure that he/she never plays with knives again. However, it was apparent after scoring the first few subjects that previously undescribed thematic processes were present, where children ascribed independent actions to inanimate props and/or the props were used in a violent or bizarre manner outside the central story theme in the Band-Aid Ò story. New codes were developed based on these findings. The first new code was ''prop is involved in violence or bizarreness outside of the story stem'' and the second new code was ''prop comes to life.'' All tapes were re-reviewed by trained scorers who had not been involved in development of the new codes and were blind to subject group membership and study hypothesis. Inter-rater reliability between the coders was established on a larger sample of low-SES children.
A parent or guardian provided written informed consent for all subjects as monitored by a local Institutional Review Board.
Results
Parent-Reported Symptom Results
Through parent interviews using the WASH-U-KSADS and the PAPA specific mania symptoms were identified. Tables 1 and 2 summarize the interview results.
Specific mania symptoms (on the WASH-U-KSADS) occurred significantly more frequently in the clinically referred than the typically developing group. The PAPA composite intensity score (as defined above) was 1.25 ± 2.22 for the typical group, and 19.74 ± 10.39 for the clinically referred group (t(30) = 6.23, p \ 0.001).
Story Completion Results
The blind coders identified several examples of each new code. Examples are noted in Table 3 .
Seven (35%) symptomatic preschoolers versus zero (0%) typically developing preschoolers brought props to life (Fisher's exact test, p = 0.033). Sixteen (80%) Table 4 ).
Discussion
Preschool children with symptoms of mood dysregulation express themes related to unusual use of story props. Bizarre, violent use of props and props coming to life represent The doll puts the knife between his legs to make a tail. The subject says that the table walks, and the pot and the knife run away
The child character says that an invisible child cut the pot. Later, the invisible child cuts the floor; then the characters fall in the hole ''The band-aids were off (the child doll) and mom, and they flew over the trash can''
The child doll throws the knife into his room where it gets lost under his bed. Then, without explanation, the knife cuts the foot of the mother doll who awakes in pain with the knife between her toes ''The mom flies off with the pot (on her head)'' disorganization of cognition in the clinically referred group. One possible explanation of these findings is that the story-stems captured disordered thinking in the clinically referred group. In school-age children, story completion responses consistent with thought disorder include illogical thinking, incoherence, poverty of content of speech and loose associations [18] . Illogical thinking and loose associations most reliably differentiated the children with psychotic disorders from typically developing children [18] . In illogical thinking, the child does not give the listener appropriate explanation for ''causal and non-causal utterances or contradicts himself/herself'' [20] . This may be related to the preschool responses where props came to life, as this usually happened without any explanation. With loose associations, the child does not prepare the listener for change in topic of the story [20] and this may be relevant to the preschoolers' stories where the theme suddenly turns to bizarreness or violence outside the original story-stem. In preschool children with dysregulated mood, disordered thinking similar to formal thought disorder found in school-aged children with psychosis may be present. The report by our expert coders that these themes were not present in other groups supports their relationship to more cognitively impaired psychiatric illness, although empirical evidence will need to be assessed. Additional research to investigate the specificity of these findings to preschool mood dysregulation is indicated, including replication of current findings with a large, culturally representative sample. After replication, comparison of findings to other psychiatrically referred groups is necessary. As ADHD and mood disorders have overlapping symptomatology [35] [36] [37] [38] and ADHD may be a risk factor predicting a switch to bipolar disorder in depressed children [39] , determining if this pattern of disordered thinking is present or absent in ADHD may lend insight into further differentiating ADHD from mood disorders.
Another clinical group where this method might find application is in psychotic disorders in young children. Thought disorder is a primary symptom in adults with schizophrenia and bipolar disorder. However, bipolar disorder and schizophrenia cannot be differentiated on this symptom alone [40, 41] . Furthermore, thought disorder may be prodromal for either bipolar disorder or schizophrenia [42] . To gauge the continuity and stability of symptoms like thought disorder over time, it is necessary to assess similar symptoms in younger cohorts. It is unclear whether the disordered thinking described here in preschoolers represents a pre-bipolar state or a more general risk for psychotic disorders, although the population from this study scored highly on the index of manic symptoms [8] .
There is also evidence that children with Autism Spectrum Disorders exhibit thought disorder [43] . Defining differences or similarities in disordered thought and its presence or absence through narratives could provide further insight into differences between these groups. If these responses in fact represent thought disorder, it is necessary to follow these children over time to see if evidence of thought disorder persists. In addition to using the story completion method in other clinical populations to assess disordered thoughts, more specific research should be done to develop new stories to clarify some questions raised in this study. In the Band-Aid Ò story, blood and a sharp, potentially dangerous knife are included in the story-stem. It is unclear whether either, both or neither of these factors triggered the bizarre responses in the clinically referred group. This study illustrates the importance of selecting and analyzing stories with particular focus to suit the needs of the study population [44, 45] . In addition, to better understand the thinking expressed by the clinically referred group the additional codes were essential. The scoring system of preschool story-stem completion methodologies has been expanded over time to capture emerging themes that were not in the original scoring system [46, 47] . In the future, including stories that can be coded using the new categories involving other sharp objects or blood in separate stories may help to elucidate what may have initiated bizarre story responses in the clinical group. This is the first report suggesting the presence of disordered thought in preschoolers with dysregulated mood. Additional clarification of the issue will improve understanding of early expression of mood disorders and stability of symptoms over time, which may lead to earlier identification and treatment.
Summary
There is rising interest in identifying precursors to bipolar disorder symptoms, including thought disorder. Thought disorder is identified in adults through self-report and in schoolaged children through parent report and child story-telling. This study is an exploration to determine if preschoolers with mood dysregulation have evidence of disordered thoughts using a story-stem completion method. Participants included two groups of 3.5-6 year-old children: 20 with mood dysregulation including possible manic symptoms and 11 typically developing comparison children. Manic symptoms included those occurring with elated or irritable mood: expansive mood, irritability within the same day as expansive mood, depressed mood within the same day as expansive mood, the presence of 2 months of remission of mood symptoms in the previous year, more talkative than usual, pressure of speech, flight of ideas, motor pressure, agitation, distractibility, decreased need for sleep, grandiosity, poor judgment, delusions, hallucinations, thought process abnormality, idiosyncratic behavior. Children were administered story completion narratives including one story where the child character accidentally cuts him/herself while pretending to cook. Typical children generally respond to the story by saying that the parents gave the child a Band-Aid Ò , kissed the finger to make it feel better and then scolded the child to make sure that he/she never plays with knives again. The children were asked to complete the stories and their responses were analyzed for atypical themes consistent with disordered thoughts such as violence or bizarreness outside of the story or props coming to life. 35% of symptomatic preschoolers versus 0% of typically developing preschoolers ascribed independent actions to inanimate props (p = 0.03). 80% of symptomatic preschoolers versus 9% of typically developing preschoolers utilized props in a violent or bizarre manner outside the central story (p \ 0.001). Preschool children with symptoms of dysregulated mood express themes related to the unusual use of story props which may indicate disordered thoughts. Further work to determine replicability and whether the findings are specific to mood-dysregulated children is critical. However, this approach may provide a means for identifying thought disorder in preschool children. If true, this may lead to earlier characterization, diagnosis, and treatment of preschool neuropsychiatric disorders.
It also remains to be determined if the preschool expression of dysregulated mood is similar to and possibly continuous with school-age and adult versions of bipolar disorder.
